An inbred corn line, designated W69079, is disclosed. The invention relates to the seeds of inbred corn line W69079, to the plants of inbred corn line W69079 and to methods for producing a corn plant, either inbred or hybrid, by crossing the inbred line W69079 with itself or another corn line. The invention further relates to methods for producing a corn plant containing in its genetic material one or more trans genes and to the transgenic plants produced by that method and to methods for producing other inbred corn lines derived from the inbred W69079. The present invention relates to a new and distinctive corn inbred line, designated W69079. There are numerous steps in the development of any novel, desirable plant germplasm. Plant breeding begins with the analysis and definition of problems and weaknesses of the current germplasm, the establishment of program goals, and the definition of spe cific breeding objectives. The next step is selection of germplasm that possess the traits to meet the program goals. The goal is to combine in a single variety or hybrid an improved combination of desirable traits from the parental germplasm. These important traits may include higher yield, resistance to diseases and insects, better stalks and roots, tolerance to drought and heat, and better agronomic quality.
The present invention relates to a new and distinctive corn inbred line, designated W69079. There are numerous steps in the development of any novel, desirable plant germplasm. Plant breeding begins with the analysis and definition of problems and weaknesses of the current germplasm, the establishment of program goals, and the definition of spe cific breeding objectives. The next step is selection of germplasm that possess the traits to meet the program goals. The goal is to combine in a single variety or hybrid an improved combination of desirable traits from the parental germplasm. These important traits may include higher yield, resistance to diseases and insects, better stalks and roots, tolerance to drought and heat, and better agronomic quality.
Choice of breeding or selection methods depends on the mode of plant reproduction, the heritability of the trait(s) being improved, and the type of cultivar used commercially (e.g., Fhybrid cultivar, pureline cultivar, etc.). For highly heritable traits, a choice of superior individual plants evalu ated at a single location will be effective, whereas for traits with low heritability, selection should be based on mean values obtained from replicated evaluations of families of related plants. Popular selection methods commonly include pedigree selection, modified pedigree selection, mass selec tion, and recurrent selection.
The complexity of inheritance influences choice of the breeding method. Backcrossbreeding is used to transfer one or a few favorable genes for a highly heritable trait into a desirable cultivar. This approach has been used extensively for breeding disease-resistant cultivars. Various recurrent selection techniques are used to improve quantitatively inherited traits controlled by numerous genes. The use of recurrent selection in self-pollinating crops depends on the ease of pollination, the frequency of Successful hybrids from each pollination, and the number of hybrid offspring from each Successful cross.
Each breeding program should include a periodic, objec tive evaluation of the efficiency of the breeding procedure. Evaluation criteria vary depending on the goal and objec tives, but should include gain from selection per year based on comparisons to an appropriate standard, overall value of the advanced breeding lines, and number of Successful cultivars produced per unit of input (e.g., per year, per dollar expended, etc.).
Promising advanced breeding lines are thoroughly tested and compared to appropriate standards in environments representative of the commercial target area(s) for three years at least. The best lines are candidates for new com mercial cultivars; those still deficient in a few traits are used as parents to produce new populations for further selection.
These processes, which lead to the final step of marketing and distribution, usually take from eight to 12 years from the time the first cross is made. Therefore, development of new cultivars is a time-consuming process that requires precise forward planning, efficient use of resources, and a minimum of changes in direction.
A most difficult task is the identification of individuals that are genetically Superior, because for most traits the true genotypic value is masked by other confounding plant traits or environmental factors. One method of identifying a superior plant is to observe its performance relative to other experimental plants and to a widely grown standard cultivar. If a single observation is inconclusive, replicated observa tions provide a better estimate of its genetic worth. The goal of plant breeding is to develop new, unique and superior corn inbred lines and hybrids. The breeder initially selects and crosses two or more parental lines, followed by repeated selfing and selection, producing many new genetic combinations. The breeder can theoretically generate bil lions of different genetic combinations via crossing, selfing and mutations. The breeder has no direct control at the cellular level. Therefore, two breeders will never develop the same line, or even very similar lines, having the same corn traits.
Each year, the plant breeder selects the germplasm to advance to the next generation. This germplasm is grown under unique and different geographical, climatic and soil conditions, and further selections are then made, during and at the end of the growing season. The inbred lines which are developed are unpredictable. This unpredictability is because the breeder's selection occurs in unique environ ments, with no control at the DNA level (using conventional breeding procedures), and with millions of different possible genetic combinations being generated. A breeder of ordinary skill in the art cannot predict the final resulting lines he develops, except possibly in a very gross and general fashion. The same breeder cannot produce the same line twice by using the exact same original parents and the same selection techniques. This unpredictability results in the expenditure of large research monies to develop a Superior new corn inbred line.
The development of commercial corn hybrids requires the development of homozygous inbred lines, the crossing of these lines, and the evaluation of the crosses. Pedigree breeding and recurrent selection breeding methods are used to develop inbred lines from breeding populations. Breeding programs combine desirable traits from two or more inbred lines or various broad-based sources into breeding pools from which inbred lines are developed by selfing and selection of desired phenotypes. The new inbreds are crossed with other inbred lines and the hybrids from these crosses are evaluated to determine which have commercial potential.
Pedigree breeding is used commonly for the improvement of self-pollinating crops or inbred lines of cross-pollinating crops. Two parents which possess favorable, complementary traits are crossed to produce an F. An F. population is produced by selfing one or several Fis or by intercrossing two FIs (sib mating). Selection of the best individuals is usually begun in the F population; then, beginning in the F. the best individuals in the best families are selected. Rep licated testing of families, or hybrid combinations involving individuals of these families, often follows in the F gen eration to improve the effectiveness of selection for traits with low heritability. At an advanced stage of inbreeding (i.e., F and F7), the best lines or mixtures of phenotypically similar lines are tested for potential release as new cultivars.
Mass and recurrent selections can be used to improve populations of either self-or cross-pollinating crops. A genetically variable population of heterozygous individuals is either identified or created by intercrossing several dif ferent parents. The best plants are selected based on indi vidual Superiority, outstanding progeny, or excellent com bining ability. The selected plants are intercrossed to produce a new population in which further cycles of selec tion are continued.
Backcross breeding has been used to transfer genes for a simply inherited, highly heritable trait into a desirable homozygous cultivar or inbred line which is the recurrent parent. The source of the trait to be transferred is called the donor parent. The resulting plant is expected to have the 3 attributes of the recurrent parent (e.g., cultivar) and the desirable trait transferred from the donor parent. After the initial cross, individuals possessing the phenotype of the donor parent are selected and repeatedly crossed (back crossed) to the recurrent parent. The resulting plant is expected to have the attributes of the recurrent parent (e.g., cultivar) and the desirable trait transferred from the donor parent.
Descriptions of other breeding methods that are com monly used for different traits and crops can be found in one of several reference books (e.g., Allard, 1960; Simmonds, 1979; Sneep et al., 1979 : Fehr, 1987 .
Proper testing should detect any major faults and establish the level of Superiority or improvement over current culti vars. In addition to showing Superior performance, there must be a demand for a new cultivar that is compatible with industry standards or which creates a new market. The introduction of a new cultivar will incur additional costs to the seed producer, the grower, processor and consumer, for special advertising and marketing, altered seed and com mercial production practices, and new product utilization. The testing preceding release of a new cultivar should take into consideration research and development costs as well as technical superiority of the final cultivar. For seed-propa gated cultivars, it must be feasible to produce seed easily and economically.
Once the inbreds that give the best hybrid performance have been identified, the hybrid seed can be reproduced indefinitely as long as the homogeneity of the inbred parent is maintained. A single-cross hybrid is produced when two inbred lines are crossed to produce the F progeny. A double-cross hybrid is produced from four inbred lines crossed in pairs (AxB and CxD) and then the two F hybrids are crossed again (AxB)x(CxD). Much of the hybrid vigor exhibited by F hybrids is lost in the next generation (F). Consequently, seed from hybrid varieties is not used for planting stock.
Hybrid corn seed is typically produced by a malesterility system incorporating manual or mechanical detasseling. Alternate strips of two corn inbreds are planted in a field, and the pollen-bearing tassels are removed from one of the inbreds (female). Providing that there is sufficient isolation from sources of foreign corn pollen, the ears of the detas seled inbred will be fertilized only from the other inbred (male), and the resulting seed is therefore hybrid and will form hybrid plants.
The laborious, and occasionally unreliable, detasseling process can be avoided by using cytoplasmic male-sterile (CMS) inbreds. Plants of a CMS inbred are male sterile as a result of factors resulting from the cytoplasmic, as opposed to the nuclear, genome. Thus, this characteristic is inherited exclusively through the female parent in corn plants, since only the female provides cytoplasm to the fertilized seed. CMS plants are fertilized with pollen from another inbred that is not male-sterile. Pollen from the second inbred may or may not contribute genes that make the hybrid plants male-fertile. Seed from detasseled fertile corn and CMS produced seed of the same hybrid can be blended to insure that adequate pollen loads are available for fertilization when the hybrid plants are grown.
There are several methods of conferring genetic male sterility available. Such as multiple mutant genes at separate locations within the genome that confer male sterility, as 5.432,068 have developed a system of nuclear male sterility which includes: identifying a gene which is critical to male fertility, silencing this native gene which is critical to male fertility; removing the native promoter from the essential male fertility gene and replacing it with an inducible pro moter, inserting this genetically engineered gene back into the plant; and thus creating a plant that is male sterile because the inducible promoter is not "on" resulting in the male fertility gene not being transcribed. Fertility is restored by inducing, or turning "on", the promoter, which in turn allows the gene that confers male fertility to be transcribed.
There are many other methods of conferring genetic male sterility in the art, each with its own benefits and drawbacks. These methods use a variety of approaches such as deliv ering into the plant a gene encoding a cytotoxic Substance associated with a male tissue specific promoter or an anti sense system in which a gene critical to fertility is identified and an antisense to that gene is inserted in the plant (see, Fabinjanski, et al. EPO 89/301.0153.8 publication no. 329, 308 and PCT application PCT/CA90/00037 published as WO 90/08828).
Another version useful in controlling male sterility makes use of gametocides. Gametocides are not a genetic system, but rather a topical application of chemicals. These chemi cals affect cells that are critical to male fertility. The appli cation of these chemicals affects fertility in the plants only for the growing season in which the gametocide is applied (see Carlson, G. R., U.S. Pat. No. 4,936.904). Application of the gametocide, timing of the application and genotype specifically often limit the usefulness of the approach.
Corn is an important and valuable field crop. Thus, a continuing goal of plant breeders is to develop stable, high yielding corn hybrids that are agronomically sound. The reasons for this goal are obviously to maximize the amount of grain produced on the land used and to Supply food for both animals and humans. To accomplish this goal, the corn breeder must select and develop corn plants that have the traits that result in Superior parental lines for producing hybrids.
SUMMARY OF THE INVENTION
According to the invention, there is provided a novel inbred corn line, designated W69079. This invention thus relates to the seeds of inbred corn line W69079, to the plants of inbred corn line W69079 and to methods for producing a corn plant produced by crossing the inbred line W69079 with itself or another corn line, and to methods for producing a corn plant containing in its genetic material one or more transgenes and to the transgenic corn plants produced by that method. This invention also relates to methods for producing other inbred corn lines derived from inbred corn line W69079 and to the inbred corn lines derived by the use of those methods. This invention further relates to hybrid corn seeds and plants produced by crossing the inbred line W69079 with another corn line.
The inbred corn plant of the invention may further com prise, or have, a cytoplasmic factor that is capable of conferring male sterility. Parts of the corn plant of the present invention are also provided, such as e.g., pollen obtained from an inbred plant and an ovule of the inbred plant.
In another aspect, the present invention provides regen erable cells for use in tissue culture or inbred corn plant W69079. The tissue culture will preferably be capable of regenerating plants having the physiological and morpho 5 logical characteristics of the foregoing inbred corn plant, and of regenerating plants having Substantially the same geno type as the foregoing inbred corn plant. Preferably, the regenerable cells in such tissue cultures will be embryos, protoplasts, meristematic cells, callus, pollen, leaves, anthers, roots, root tips, silk, flowers, kernels, ears, cobs, husks or stalks. Still further, the present invention provides corn plants regenerated from the tissue cultures of the invention.
DEFINITIONS
In the description and tables which follow, a number of terms are used. In order to provide a clear and consistent understanding of the specification and claims, including the Scope to be given such terms, the following definitions are provided:
Predicted RM. This trait for a hybrid, predicted relative maturity (RM), is based on the harvest moisture of the grain. The relative maturity rating is based on a known set of checks and utilizes conventional maturity systems such as the Minnesota Relative Maturity Rating System.
MNRM. This represents the Minnesota Relative Maturity Rating (MNRM) for the hybrid and is based on the harvest moisture of the grain relative to a standard set of checks of previously determined MN RM rating. Regression analysis is used to compute this rating.
Yield (Bushels/Acre). The yield in bushels/acre is the actual yield of the grain at harvest adjusted to 15.5% moisture.
Moisture. The moisture is the actual percentage moisture of the grain at harvest.
GDU Silk. The GDU silk (heat unit silk) is the number of growing degree units (GDU) or heat units required for an inbred line or hybrid to reach silk emergence from the time of planting. Growing degree units are calculated by the Barger Method, where the heat units for a 24-hour period a.
(Max.--Min) 50.
The highest maximum used is 86° F. and the lowest mini mum used is 50°F. For each hybrid, it takes a certain number of GDUs to reach various stages of plant development. GDUs are a way of measuring plant maturity.
Stalk Lodging. This is the percentage of plants that stalk lodge, i.e., stalk breakage, as measured by either natural lodging or pushing the stalks determining the percentage of plants that break off below the ear. This is a relative rating of a hybrid to other hybrids for standability.
Root Lodging. The root lodging is the percentage of plants that root lodge; i.e., those that lean from the vertical axis at an approximate 30° angle or greater would be counted as root lodged.
Plant Height. This is a measure of the height of the hybrid from the ground to the tip of the tassel, and is measured in centimeters.
Ear Height. The ear height is a measure from the ground to the ear node attachment, and is measured in centimeters.
Dropped Ears. This is a measure of the number of dropped ears per plot, and represents the percentage of plants that dropped an ear prior to harvest.
Allele. The allele is any of one or more alternative forms of a gene, all of which alleles relate to one trait or charac teristic. In a diploid cell or organism, the two alleles of a given gene occupy corresponding loci on a pair of homolo gous chromosomes.
Backcrossing. Backcrossing is a process in which a breeder repeatedly crosses hybrid progeny back to one of the parents, for example, a first generation hybrid F with one of the parental genotypes of the F hybrid.
Quantitative Trait Loci (QTL). Quantitative trait loci (QTL) refer to genetic loci that control to some degree numerically representable traits that are usually continu ously distributed.
Regeneration. Regeneration refers to the development of a plant from tissue culture.
Single Gene Converted. Single gene converted or con version plant refers to plants which are developed by a plant breeding technique called backcrossing wherein essentially all of the desired morphological and physiological charac teristics of an inbred are recovered in addition to the single gene transferred into the inbred via the backcrossing tech nique or via genetic engineering.
DETAILED DESCRIPTION OF THE INVENTION
Inbred corn line W69079 is a yellow dent corn with Superior characteristics, and provides an excellent parental line in crosses for producing first generation (F) hybrid CO. Standard pedigree ear-row selection method was used. Selfing and selection were conducted for seven generations in the development of W69079. The selection criteria used during the development of W69079 were: grain yield; high plant density tolerance, good stand establishment, silking and pollen shedding ability, Stalk and root strength, stay green appearance during senescence, seed quality and dis This invention is also directed to methods for producing a corn plant by crossing a first parent corn plant with a second parent corn plant, wherein the first or second corn plant is the inbred corn plant from the line W69079. Further, both first and second parent corn plants may be from the inbred line W69079. Therefore, any methods using the inbred corn line W69079 are part of this invention: selfing, backcrosses, hybrid breeding, and crosses to populations. Any plants produced using inbred corn line W69079 as a parent are within the scope of this invention. Advanta geously, the inbred corn line is used in crosses with other corn varieties to produce first generation (F) corn hybrid seed and plants with Superior characteristics.
W69079 is similar to GSC1, however, there are numerous differences which are shown in the table below. (1 = none to 9 = many)
Leaf Longitudinal Creases 7 4
(1 = none to 9 = many) Husk Tightness Tight Loose
Husk. Extension Long Short
Some of the criteria used to select ears in various gen erations include: yield, Stalk quality, root quality, disease tolerance, late plant greenness, late season plant intactness, ear retention, pollen shedding ability and silking ability. During the development of the line, crosses were made to inbred testers for the purpose of estimating the line's general and specific combining ability, and evaluations were run by the Waterloo Research Station. The inbred was evaluated further as a line and in numerous crosses by other research stations across the Corn Belt. The inbred has proven to have a very good combining ability in hybrid combinations.
The inbred has shown uniformity and stability within the limits of environmental influence for the traits. It has been self-pollinated and ear-rowed a sufficient number of genera tions, with careful attention to uniformity of plant type to ensure homozygosity and phenotypic stability necessary to use in commercial production. The line has been increased both by hand and sibbed in isolated fields with continued observations for uniformity. No variant traits have been observed or are expected in W69079.
FURTHER EMBODIMENTS OF THE INVENTION
This invention also is directed to methods for producing a corn plant by crossing a first parent corn plant with a second parent corn plant wherein either the first or second parent corn plant is an inbred corn plant of the line W69079. Further, both first and second parent corn plants can come from the inbred corn line W69079. Still further, this inven tion also is directed to methods for producing an inbred corn line W69079-derived corn plant by crossing inbred corn line W69079 with a second corn plant and growing the progeny seed, and repeating the crossing and growing steps with the inbred corn line W69079-derived plant from 0 to 7 times. Thus, any such methods using the inbred corn line W69079 are part of this invention: Selfing, backcrosses, hybrid pro duction, crosses to populations, and the like. All plants produced using inbred corn line W69079 as a parent are within the scope of this invention, including plants derived from inbred corn line W69079. Advantageously, the inbred corn line is used in crosses with other, different, corn inbreds to produce first generation (F) corn hybrid seeds and plants with Superior characteristics.
It should be understood that the inbred can, through routine manipulation of cytoplasmic or other factors, be produced in a male-sterile form. Such embodiments are also contemplated within the scope of the present claims.
As The utility of inbred corn line W69079 also extends to crosses with other species. Commonly, Suitable species will be of the family Graminaceae, and especially of the genera Zea, Tripsacum, Croix, Schlerachne, Polytoca, Chiomachine, and Trilobachne, of the tribe Maydeae. Potentially suitable for crosses with W69079 may be the various varieties of grain Sorghum, Sorghum bicolor (L.) Moench.
With the advent of molecular biological techniques that have allowed the isolation and characterization of genes that encode specific protein products, scientists in the field of plant biology developed a strong interest in engineering the genome of plants to contain and express foreign genes, or additional, or modified versions of native, or endogenous, genes (perhaps driven by different promoters) in order to alter the traits of a plant in a specific manner. Such foreign additional and/or modified genes are referred to herein collectively as "transgenes". Over the last fifteen to twenty years several methods for producing transgenic plants have been developed, and the present invention, in particular embodiments, also relates to transformed versions of the claimed inbred line.
Plant transformation involves the construction of an expression vector which will function in plant cells. Such a vector comprises DNA comprising a gene under control of or operatively linked to a regulatory element (for example, a promoter). The expression vector may contain one or more Such operably linked gene/regulatory element combinations. The vector(s) may be in the form of a plasmid, and can be used alone or in combination with other plasmids, to provide transformed corn plants, using transformation methods as described below to incorporate transgenes into the genetic material of the corn plant(s). Marker Genes-Expression vectors include at least one genetic marker, operably linked to a regulatory element (a promoter, for example) that allows transformed cells con taining the marker to be either recovered by negative selec tion, i.e., inhibiting growth of cells Promoters-Genes included in expression vectors must be driven by nucleotide sequence comprising a regulatory element, for example, a promoter. Several types of promot ers are now well known in the transformation arts, as are other regulatory elements that can be used alone or in combination with promoters.
As used herein, "promoter includes reference to a region of DNA upstream from the start of transcription and involved in recognition and binding of RNA polymerase and other proteins to initiate transcription. A "plant promoter is a promoter capable of initiating transcription in plant cells. Examples of promoters under developmental control include promoters that preferentially initiate transcription in certain tissues, such as leaves, roots, seeds, fibers, xylem vessels, tracheids, or sclerenchyma. Such promoters are referred to as "tissue-preferred. Promoters which initiate transcription only in certain tissue are referred to as "tissue-specific''. A "cell type' specific promoter primarily drives expression in certain cell types in one or more organs, for example, vascular cells in roots or leaves. An "inducible' promoter is a promoter which is under environmental control. Examples of environmental conditions that may effect transcription by inducible promoters include anaerobic conditions or the presence of light. Tissue-specific, tissue-preferred, cell type specific, and inducible promoters constitute the class of "non-constitutive' promoters. A "constitutive' promoter is a promoter which is active under most environmental condi tions.
Inducible Promoters-An inducible promoter is operably linked to a gene for expression in corn. Optionally, the inducible promoter is operably linked to a nucleotide sequence encoding a signal sequence which is operably linked to a gene for expression in corn. With an inducible promoter the rate of transcription increases in response to an inducing agent.
Any inducible promoter can be used in the instant inven Constitutive Promoters-A constitutive promoter is oper ably linked to a gene for expression in corn or the consti tutive promoter is operably linked to a nucleotide sequence encoding a signal sequence which is operably linked to a gene for expression in corn.
Many different constitutive promoters can be utilized in the instant invention. Exemplary constitutive promoters Tissue-specific or Tissue-preferred Promoters-A tissue specific promoter is operably linked to a gene for expression in corn. Optionally, the tissue-specific promoter is operably linked to a nucleotide sequence encoding a signal sequence which is operably linked to a gene for expression in corn. Plants transformed with a gene of interest operably linked to a tissue-specific promoter produce the protein product of the transgene exclusively, or preferentially, in a specific tissue.
Any tissue-specific or tissue-preferred promoter can be utilized in the instant invention. Exemplary tissue-specific or tissue-preferred promoters include, but are not limited to, a root-preferred promoter, Such as that from the phaseolin gene Foreign Protein Genes and Agronomic Genes-With transgenic plants according to the present invention, a for eign protein can be produced in commercial quantities. Thus, techniques for the selection and propagation of trans formed plants, which are well understood in the art, yield a plurality of transgenic plants which are harvested in a conventional manner, and a foreign protein then can be extracted from a tissue of interest or from total biomass.
Protein extraction from plant biomass can be accomplished by known methods which are discussed, for example, by Heney and Orr, Anal. Biochem. 114:92-6 (1981).
According to a preferred embodiment, the transgenic plant provided for commercial production of foreign protein is corn. In another preferred embodiment, the biomass of interest is seed. For the relatively small number of transgenic plants that show higher levels of expression, a genetic map can be generated, primarily via conventional RFLP, PCR and SSR analysis, which identifies the approximate chro mosomal location of the integrated DNA molecule. F. An insect-specific hormone or pheromone such as an ecdysteroid and juvenile hormone, a variant thereof, a mimetic based thereon, or an antagonist or agonist thereof. See, for example, the disclosure by Hammock et al., Nature 344:458 (1990), of baculovirus expression of cloned juve nile hormone esterase, an inactivator of juvenile hormone.
G. An insect-specific peptide or neuropeptide which, upon expression, disrupts the physiology of the affected pest. I. An enzyme responsible for a hyper accumulation of a monterpene, a sesquiterpene, a steroid, hydroxamic acid, a phenylpropanoid derivative or another non-protein molecule with insecticidal activity.
J. An enzyme involved in the modification, including the post-translational modification, of a biologically active mol ecule; for example, a glycolytic enzyme, a proteolytic enzyme, a lipolytic enzyme, a nuclease, a cyclase, a tran saminase, an esterase, a hydrolase, a phosphatase, a kinase, a phosphorylase, a polymerase, an elastase, a chitinase and a glucanase, whether natural or synthetic. See PCT appli L. A hydrophobic moment peptide. See PCT application WO95/16776 (disclosure of peptide derivatives of Tac hyplesin which inhibit fungal plant pathogens) and PCT application WO95/18855 (teaches synthetic antimicrobial peptides that confer disease resistance), the respective con tents of which are hereby incorporated by reference. Following transformation of corn target tissues, expres sion of the above-described selectable marker genes allows for preferential selection of transformed cells, tissues and/or plants, using regeneration and selection methods now well known in the art.
The foregoing methods for transformation would typi cally be used for producing a transgenic inbred line. The transgenic inbred line could then be crossed, with another (non-transformed or transformed) inbred line, in order to produce a new transgenic inbred line. Alternatively, a genetic trait which has been engineered into a particular corn line using the foregoing transformation techniques could be moved into another line using traditional backcrossing tech niques that are well known in the plant breeding arts. For example, a backcrossing approach could be used to move an engineered trait from a public, non-elite inbred line into an elite inbred line, or from an inbred line containing a foreign gene in its genome into an inbred line or lines which do not contain that gene. As used herein, "crossing can refer to a simple X by Y cross, or the process of backcrossing, depending on the context.
When the term inbred corn plant is used in the context of the present invention, this also includes any single gene conversions of that inbred. The term single gene converted plant as used herein refers to those corn plants which are developed by a plant breeding technique called backcrossing wherein essentially all of the desired morphological and physiological characteristics of an inbred are recovered in addition to the single gene transferred into the inbred via the backcrossing technique. Backcrossing methods can be used with the present invention to improve or introduce a char acteristic into the inbred. The term backcrossing as used herein refers to the repeated crossing of a hybrid progeny back to one of the parental corn plants for that inbred. The parental corn plant which contributes the gene for the desired characteristic is termed the nonrecurrent or donor parent. This terminology refers to the fact that the nonre current parent is used one time in the backcross protocol and therefore does not recur. The parental corn plant to which the gene or genes from the nonrecurrent parent are transferred is known as the recurrent parent as it is used for several rounds in the backcrossing protocol (Poehlman & Sleper, 1994 : Fehr, 1987 . In a typical backcross protocol, the original inbred of interest (recurrent parent) is crossed to a second inbred (nonrecurrent parent) that carries the single gene of interest to be transferred. The resulting progeny from this cross are then crossed again to the recurrent parent and the process is repeated until a corn plant is obtained wherein essentially all of the desired morphological and physiologi cal characteristics of the recurrent parent are recovered in the converted plant, in addition to the single transferred gene from the nonrecurrent parent.
The selection of a suitable recurrent parent is an important step for a Successful backcrossing procedure. The goal of a backcross protocol is to alter or Substitute a single trait or characteristic in the original inbred. To accomplish this, a single gene of the recurrent inbred is modified or substituted with the desired gene from the nonrecurrent parent, while retaining essentially all of the rest of the desired genetic, and therefore the desired physiological and morphological, con stitution of the original inbred. The choice of the particular nonrecurrent parent will depend on the purpose of the backcross, one of the major purposes is to add some com mercially desirable, agronomically important trait to the plant. The exact backcrossing protocol will depend on the characteristic or trait being altered to determine an appro priate testing protocol. Although backcrossing methods are simplified when the characteristic being transferred is a dominant allele, a recessive allele may also be transferred. In this instance it may be necessary to introduce a test of the progeny to determine if the desired characteristic has been successfully transferred.
Many single gene traits have been identified that are not regularly selected for in the development of a new inbred but that can be improved by backcrossing techniques. Single gene traits may or may not be transgenic, examples of these traits include but are not limited to, male sterility, waxy starch, herbicide resistance, resistance for bacterial, fungal, or viral disease, insect resistance, male fertility, enhanced nutritional quality, industrial usage, yield Stability and yield 19 enhancement. These genes are generally inherited through the nucleus. Some known exceptions to this are the genes for male sterility, some of which are inherited cytoplasmically, but still act as single gene traits. Several of these single gene traits are described in U.S. Pat. Nos. 5,777, 196; 5,948,957 and 5,969.212, the disclosures of which are specifically hereby incorporated by reference.
Industrial Applicability-Corn is used as human food, livestock feed, and as raw material in industry. The food uses of corn, in addition to human consumption of corn kernels, include both products of dry-and wet-milling industries. The principal products of corn dry milling are grits, meal and flour. The corn wet-milling industry can provide corn starch, corn syrups, and dextrose for food use. Corn oil is recovered from corn germ, which is a by-product of both dry-and wet-milling industries.
Corn, including both grain and non-grain portions of the plant, is also used extensively as livestock feed, primarily for beef cattle, dairy cattle, hogs and poultry.
Industrial uses of corn include production of ethanol, corn starch in the wet-milling industry and corn flour in the dry-milling industry. The industrial applications of corn starch and flour are based on functional properties, such as Viscosity, film formation, adhesive properties, and ability to Suspend particles. The corn starch and flour have application in the paper and textile industries. Other industrial uses include applications in adhesives, building materials, foundry binders, laundry starches, explosives, oil-well muds and other mining applications.
Plant parts other than the grain of corn are also used in industry, for example: Stalks and husks are made into paper and wallboard and cobs are used for fuel and to make charcoal.
The seed of inbred corn line W69079, the plant produced from the inbred seed, the hybrid corn plant produced from the crossing of the inbred, hybrid seed, and various parts of the hybrid corn plant and transgenic versions of the forego ing, can be utilized for human food, livestock feed, and as a raw material in industry.
TABLES
In the tables that follow, the traits and characteristics of inbred corn line W69079 are given in hybrid combination. The data collected on inbred corn line W69079 is presented for the key characteristics and traits. The tables present yield test information about W69079. W69079 was tested in several hybrid combinations at numerous locations, with several replications per location. Information about these hybrids, as compared to several check hybrids, is presented. '' the hybrid combinations.
11. The Test Weight (TW) is a measure of the weight of the grain in pounds for a given volume (bushel) adjusted for 15.5 percent moisture. The deposit of 2,500 seeds was taken from the same deposit maintained by The J. C. Robinson Seed Company since prior to the filing date of this application. All restric tions upon the deposit have been removed, and the deposit is intended to meet all of the requirements of 37 C.F.R. S 1801-1809. The ATCC accession number is PTA-6896. The deposit will be maintained in the depository for a period of 30 years, or 5 years after the last request, or for the effective life of the patent, whichever is longer, and will be replaced as necessary during that period.
Although the foregoing invention has been described in Some detail by way of illustration and example for purposes of clarity and understanding. However, it will be obvious that certain changes and modifications such as single gene 3. Pollen of the plant of claim 2.
4. An ovule of the plant of claim 2. 5. A method of producing a male sterile corn plant comprising crossing the corn plant of claim 2 with a corn 10 plant containing and expressing a nucleic acid molecule that confers male sterility and harvesting the resultant seed.
6. A tissue culture of regenerable cells from the corn plant of claim 2.
7. The tissue culture according to claim 6, wherein said 15 regenerable cells of the tissue culture are produced from a plant part selected from the group consisting of leaves, pollen, embryos, roots, root tips, anthers, silks, flowers, kernels, ears, cobs, husks, and stalks. PTA-6896. 9 . A method for producing a hybrid corn seed comprising crossing a first inbred parent corn plant with a second inbred parent corn plant and harvesting the resultant hybrid corn seed, wherein said first inbred parent corn plant or second said parent corn plant is the corn plant of claim 2.
10. A method for producing a corn plant that contains in its genetic material a transgene, comprising crossing the corn plant of claim 2 with either a second plant of another corn line which contains a transgene, or a transformed corn plant of inbred corn line W69079 which contains a trans-35 gene, so that the genetic material of the progeny that result from the cross contains a transgene operably linked to a regulatory element. 12. A protoplast produced from the tissue culture of claim 6. 13. A method of producing an herbicide resistant corn plant comprising transforming the corn plant of claim 2 with a transgene which confers resistance to an herbicide selected from the group consisting of imidazalinone, Sulfonylurea, glyphosate, glufosinate, L-phosphinothricin, triazine, and benzonitrile.
14. An herbicide resistant corn plant produced by the method of claim 13.
15. A method of producing an insect resistant corn plant comprising transforming the corn plant of claim 2 with a transgene that confers insect resistance.
16. An insect resistant corn plant produced by the method of claim 15.
17. A corn plant of claim 15, wherein the transgene encodes a Bacillus thuringiensis endotoxin.
18. A method of producing a disease resistant corn plant comprising transforming the corn plant of claim 2 with a transgene that confers disease resistance.
19. A disease resistant corn plant produced by the method of claim 18.
20. A method of producing a corn plant with modified fatty acid metabolism or modified carbohydrate metabolism comprising transforming the corn plant of claim 2 with one or more transgenes expressing a protein selected from the group consisting of phytase, fructosyltransferase, levansu crase, C.-amylase, invertase, and starch branching enzyme or encoding an antisense of Stearyl-ACP desaturase.
21. A corn plant having modified fatty acid metabolism or modified carbohydrate metabolism produced by the method of claim 20.
